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Abstract. Although the benefits of service-orientation are prevalent in
literature, a review, analysis and evaluation of 30 existing service analysis
approaches has shown that a comprehensive approach to the identifica-
tion and analysis of both business and software services is missing. Based
on this evaluation of existing approaches and of additional sources, this
paper proposes an integrated, consolidated approach for business and
software service analysis that combines and extends the strengths of the
examined methodologies.
1 Introduction
Changing customer demand and dynamic market conditions are the main rea-
sons why organisations nowadays are focussing on their core competencies. These
highly specialised organisations are typically involved in several business net-
works to collaborate with other participants in order to fulfil customer demand.
To cope with the dynamic environmental conditions and to expose standardised
endpoints that can be used to leverage a partner’s offered operations within the
network, the concept of service-orientation can be applied. Service-orientation
on the business level enables organisations to expose and offer certain operations
as business services to their business partners to facilitate on-demand collabo-
ration opportunities. To support the agility of such an on-demand organisation,
service-orientation on the technical level fosters the utilisation of software ser-
vices and enables a close business and IT alignment. Software services expose
application functionalities that can be reused and composed based on business
needs.
Although service-orientation is affecting different levels within an organisa-
tion, no unified way of how to identify and analyse services could be identified.
Different approaches have been formulated by scholars as well as by industry
vendors, but the scopes and depths of these approaches vary widely. Therefore,
the need for a consolidated approach has been proposed in a number of publi-
cations [18, 20]. The holistic approach presented in this paper will provide an
organisation with a methodology to not only understand and document its ex-
isting capabilities from a service perspective, but more importantly, to identify
potential new services that may be provided on the business and technical levels.
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The remainder of this paper is structured as follows. Section 2 sets the context
by explicating the notion of SOA as used in this paper and by defining the
terms business and software service. Section 3 points to our previous survey of
30 existing service analysis approaches. In Section 4, the consolidated approach
is presented in detail, and Section 5 summarises and concludes the paper.
2 The Context of Service Analysis
2.1 Principles of SOA
Although the ideas behind a service-oriented architecture (SOA) are not new, a
common definition has not yet evolved [37]. Most publications allocate the con-
cept of a SOA merely to the technical domain [21, 20, 22], although a few authors
also emphasise that the concept can be used analogously in the business domain
to refine business models [17, 26]. The underlying concept is best captured by
the definition provided by OASIS in their SOA Reference Model [28]:
SOA is a paradigm for organising and utilising distributed capabilities
that may be under the control of different ownership domains.
This definition is applicable on both the business level and the technical level.
A SOA has three constituent elements, namely services, service bus and ser-
vice repository. In general, a service is an abstract resource that represents a
capability [39] offered by the service provider who performs some kind of ac-
tion on behalf of a service consumer at some time and place and through some
channel [5]. The concept of a service bus as an integrating platform for service
providers and consumers is also applicable in both the business and technical
domain [2, 21]. Lastly, the service repository facilitates the discoverability of
services since it is used to provide meta-information about services [32].
2.2 Types of Services
Services at the core of any SOA can be classified according to the underlying
SOA concept and their distinctive meaning. A fundamental distinction has to
be made between business and software services.
A business service is a specific set of actions that are performed by an or-
ganisation [40, 32]. Since the operations of an organisation can be analysed on
different granularity levels, business services can represent these operations on
different levels as well. Hereby, they are aligned with the capabilities and domains
of the organisation in order to reflect the actual operations of the company [35].
A business service may or may not leverage existing IT infrastructure.
A software service describes part of an application system, which can be
consumed separately by several entities. Hence, a software service supports the
execution of a business service to achieve a close business and IT alignment that
is meant to prove beneficial for an organisation [38].
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3 Related Work
3.1 Comparison and Evaluation of Existing Approaches
Various approaches to service identification and analysis have been proposed in
the literature. In previous work [19], we presented a comprehensive overview of
30 extant approaches that build the foundation for our consolidated approach.
We analysed and compared those approaches based on different criteria that
were selected to support the design of the consolidated approach. Among these
criteria were, for example, the underlying SOA concept, the general analysis
approach chosen, the structure of the identification process, the classification of
services, service design principles, and others.
Based on this analysis, a consensus could be identified in literature pos-
tulating that the derivation of services should always be aligned with business
requirements. However, we argued that none of the evaluated approaches is com-
prehensive enough to cover both business and software services to an adequate
extent.
Since none of the approaches directly addresses the identification of business
services, their underlying concepts had to be adapted and enhanced by analysing
additional related sources. This resulted in a top-down approach to the deriva-
tion of business services based on business requirements and existing business
structures. To derive software services from business needs and an analysis of
existing legacy systems, a meet-in-the middle strategy is suggested.
A standardised service classification scheme is missing. In the case of business
services, no classification scheme at all could be identified based on the analysed
approaches. However, we found one additional source that provides a useful
classification of business services on different granularity levels [2]. Due to a
proliferation of synonyms in the case of software services, we consolidated the
service types to utility services, task services, entity services and process services
[19].
Most of the approaches state certain desired service characteristics (e.g. loose
coupling), but do not elaborate on how these characteristics can be achieved. Ser-
vice design principles can be used as a guideline to derive meaningful services in
the context of a service-oriented architecture. If the services are derived by apply-
ing the design principles to a certain desired extent, the services will feature the
corresponding service characteristics [7]. However, there is no commonly agreed
upon set of design principles, similar to the classification of service types. We
consolidated and identified nine design principles, namely abstraction, autonomy,
coupling, statelessness, cohesion, discoverability, reusability and composability
[19].
The results and insights gained from this evaluation shaped the design of our
consolidated approach that will be described in the following section.
4 Thomas Kohlborn, Axel Korthaus, Michael Rosemann
4 The Consolidated Approach
4.1 Overview
This section describes the consolidated approach for the identification and anal-
ysis of both business and software services as visualised in Figures 1 and 2. It
combines the strengths of the analysed approaches as well as extends and adopts
certain facets to provide a comprehensive procedural model for service analysis.
Business services will be derived that can (partly) be supported by IT func-
tionalities represented by software services. The approach is subdivided into two
main parts, each with different phases.
4.2 The Identification and Analysis of Business Services
The first part covers the identification and analysis of business services by detail-
ing, adapting and consolidating existing service analysis approaches that focus
on the business domain of an organisation. This part will be structured into
four distinct phases, each comprising a specific set of activities that may use the
outputs of previous phases as inputs. Refer to Figure 1 for an overview of the
inputs, activities and outputs for each phase.
The Preparation Phase: The preparation phase serves as the foundation for
service identification [18]. Firstly, the SOA strategy will be defined to set the
scope and objectives of the following analysis efforts. As a start, one has to
conduct a business context analysis [24]. The objective here is to find key areas
of the business context that have to be supported by the SOA initiative. This
provides the underlying basis for the identification of business and IT imperatives
which serve as the motivation or driver for the SOA initiative, to be documented
in the SOA strategy [34, 24]. Executive support and sponsorship, which is crucial
for the SOA initiative, may also be built upon the business context analysis and
the specification of a SOA strategy [24].
Secondly, a business ontology providing a shared vocabulary among the in-
volved stakeholders should be established. Since a SOA initiative may affect
various parts of an organisation, a common vocabulary helps to avoid misunder-
standings between any involved parties and can be an essential step towards the
integration of the business perspective and the technical perspective within an
organisation [6].
Thirdly, an information base for service analysis needs to be established,
i.e., the business documents that serve as the foundation for the identification
and analysis of business and software services have to be compiled [6, 18, 20].
The business documents may comprise details about the enterprise architecture,
capabilities, organisational structure and responsibilities, the stakeholders, busi-
ness processes and entities, and should be enhanced and validated by interviews
with senior and top management.
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Fig. 1. Phases, Activities and Inputs/Outputs for the Derivation of Business Services
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The Identification Phase: Having built the foundation, the service identifi-
cation phase comprises activities that lead to the derivation of a set of business
services. As a starting point for that process, business capabilities are identified
and analysed. Moreover, a domain analysis, a stakeholder analysis and an anal-
ysis of the interactions and entities further support the identification of business
services.
According to [12], a business capability is a particular ability or capacity
that a business may possess or exchange to achieve a specific outcome. However,
a capability abstracts from how the desired outcome is actually achieved, but
rather describes the externally visible behaviour and the expected level of per-
formance [35]. Thus, the complete organisation can be seen as a federation of
capabilities that interact with one another to achieve a valuable outcome for a
business network. Capabilities can be used to develop a business model that is
particularly stable against changes in the external and internal environment of
an organisation because capabilities are not affected by changes in the organisa-
tional structure of an organisation, or by changes in the flow of the underlying
processes as long as the purpose or outcome remains the same.
Different structured and unstructured approaches to the identification of ca-
pabilities within an organisation as well as related approaches based on process
classification frameworks can be found in literature (e.g. [11, 35, 1]). Capabil-
ities can be modelled on different granularity levels to establish a hierarchy of
capabilities until fine-grained business capabilities can be identified. This could
be done, for example, by interviewing several senior managers of an organisation
and using APQC’s Process Classification Framework (PCF) [1], or the capa-
bility decomposition framework published by [35], as a guideline for capability
identification. The required depth of the decomposition depends on the business
needs that can be addressed by the SOA strategy. Business capabilities should be
described and detailed by certain attributes, such as input/output parameters,
owners, entities etc. [35]. These attributes inform the process of determining ap-
propriate boundaries of business services and provide an overview of how parts
of the contract need to be designed related to service performance. A capability
model also visualises the relationships between all the different capabilities of an
organisation [13].
Having established different layers of business capabilities, one has to identify
the boundaries of business services that encapsulate certain capabilities and
expose them to the service environment. To avoid the proliferation of business
services, often some capabilities should be grouped together to form a business
service that provides cohesive functionalities and is loosely coupled to other
business services. This can be achieved by defining service domains.
A service domain can be described as a sphere of control that contains a
collection of tasks to achieve related goals [16]. The domain decomposition ap-
proach proposes to establish a domain model on different levels of granularity
that visualises the interactions among the different domains as well as the in-
teractions external to the domains [17]. Each level is derived by decomposing a
service domain on the previous level.
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The first step involves the definition of the service domain’s scope, meaning
what is the boundary of a service domain within an organisation that comprises
certain capabilities. The objective of service domain modelling is to represent
what the organisation does and to place boundaries between the domains [9, 25,
14]. Thus, services that will be provided by a particular domain are owned and
managed by this domain.
The next step focusses on the interaction between different service consumers
and service domains. The objective is to identify and understand the external
stakeholders of the organisation [4].
After the identification of service domains and actors, the reasons for the
interactions between the domains themselves and between the domains and the
actors have to be identified [27, 17].
The fourth step concentrates on the allocation of capabilities to the identi-
fied service domains and their interactions. The domain decomposition and the
capability decomposition are orthogonal to each other. Based on this first level
of the domain model, one may already allocate capabilities to certain domains
using certain heuristics and indicators, e.g. design principles such as low cou-
pling and high cohesion [13]. Furthermore, one can use the attributes annotated
to the identified capabilities to analyse the belonging to domains. The allocated
capabilities must support the identified interaction between the domains.
The last step involves the decision of which domain should be decomposed
further. Each step of the approach has to be performed for each specific domain of
the developed diagram derived on the previous level [17]. By doing so, a deeper
understanding of the problem domain is achieved and the different external
representations of the domains are analysed [27].
Each service domain can be regarded as a provider of one or more business
services. Since each domain on level k is decomposed separately, it is possible
that one identifies domains that are shared on level k+1. This leads to the
identification of business services that are reused under different circumstances
within the organisation. By analysing the different actors and interactions, one
can also identify certain virtual services, which are not core to the organisation
and do not belong to a direct domain [17].
The Detailing Phase: At this stage, capabilities, domains and business service
boundaries have been identified. The detailing phase comprises activities con-
cerned with the relationships and interactions between business services. The
input for this phase includes the identified business services as well as a set of
relevant business artefacts. Each business service has a set of associated resources
(e.g. process models, contract, owner etc.) and exposes one or more operations
to its environment that can be utilised according to the business service contract
as part of the business service specification. Each operation has two underlying
models, namely the interaction model and the operation model, which describe
the behaviour of the specific business service operation [25, 32].
Business Service Resources: Each business service has an owner, who is re-
sponsible for the specific service. The owner of that specific business service is
related to the ownership domains that have been identified in the previous phase.
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A business service comprises one or more capabilities based on ownership con-
cerns, functions, related interactions and entities. At this stage, the underlying
processes of the capabilities have to be identified. The value or output of one
capability can be based on one single process as well as an interaction between
different processes. Consequently, the design of a business process across a busi-
ness network or within a single organisation (e.g. order-to-cash process) can be
modelled as a choreography of interacting business services that may be under
different ownership domains.
Operation Model: The operation model of a business service operation de-
tails how the specific operation is executed. Hereby, the processes utilised by the
business service operation as well as invocations of operations of other business
services to achieve the desired goal stated in the business service contract have to
be addressed. This model does not need to be published to the service environ-
ment, since it is not necessary for the service consumer to understand how the
specific outcome of a service is realised [32]. The operation model orchestrates
the identified processes based on the functionality that should be provided by a
business service operation. An orchestration describes the behaviour that a ser-
vice provider performs internally to realise a certain provided service. This may
include the cooperation with external business partners and the interaction with
other services, although the focus lays on the fulfilment of one service operation
[33].
Interaction Model: The interaction model as part of the service contract is
used to define the commitments that have to be made by the service consumer
and provider [32]. The interaction model can be derived using service blueprints,
which are known from the area of service marketing [23]. The so-called “line of
interaction”, which reveals the division of activities between the organisation
and its customer, is the main focus of the analysis. Services are always invoked
by a service consumer. The participation can range from a one-time invocation of
the service to a deep integration of the service consumer into the service delivery
process of the service provider [23]. The organisation has to analyse what parts
of the service can or should be managed by the customer and how the exception
handling mechanisms have to be defined. One solution to overcome the risks
associated with extending the line of interaction towards the consumer is an
extensive standardised description of the service contract [10]. The interaction
model is the explicit way a business service defines how joint collaboration will
be realised [33]. The interaction can be modelled as a process, indicating that the
interaction between the service provider and consumer is purely behavioural. The
interaction model for a business service operation represents a choreography that
can be seen as the external view on a collaboration between a service provider
and its consumer to achieve a certain goal through a sequence of commitments
[6]. It abstracts from any tasks that the service provider performs internally.
The output of this phase is a model consisting of different interacting business
services.
The Prioritisation Phase: When all business services have been detailed and
analysed, the prioritisation phase proposes activities that enable an organisation
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to structure their services based on specific measures and the value they deliver
for the organisation. This phase is used as a link to the second part, which is
concerned with the derivation of software services.
A value classification enables the organisation to gain an understanding of
which business services contribute most to the value of an organisation and
its competitive advantage. This information is fundamental to make sourcing
and funding decisions. A value chain or business network analysis may enable
the organisation to understand its core critical functions as well as supporting
functions.
There are different methods available for performing service value analysis.
[17], for example, proposes a service classification matrix for ad hoc service clas-
sification based on the value a service delivers. A more structured approach is the
Analytical Hierarchy Process (AHP), which is based on the principle of decom-
posing a complex problem into finer-grained problems that can be “solved” more
easily and explicitly takes into account both financial and non-financial data [31].
[11] propose the application of the AHP to determine the key capabilities of an
organisation. Thus, this approach can easily be adapted to classify business ser-
vices. Although the AHP uses a structured and formalised approach, one has
to keep in mind that it is purely subjective in nature as it relies on judgments
made by human decision-makers.
4.3 The Identification and Analysis of Software Services
The second part of the consolidated approach describes how software services
can be identified and analysed that support business services to achieve a close
business and IT alignment. Similar to the first part of the consolidated approach,
this part will be structured into distinct phases, each comprising specific activ-
ities. Refer to Figure 2 for an overview of the second part of the consolidated
approach.
The Preparation Phase: The aim in this phase is to perform preparatory
activities that help leverage the service identification phase as good as possi-
ble. The inputs for the identification of software services are business services as
described in the previous sections and the SOA strategy as defined in the first
phase of the first part. The prioritised business services and the SOA strategy
will be used as an input to define the scope for software service enablement
and to identify which area within the organisation might benefit the most from
service enablement [24]. Each of the business services has at least one under-
lying process that describes the activities that have to be performed in order
to deliver the value or outcome of the respective business service. In order to
provide a basis for the identification of software services, the respective process
has to be decomposed and enriched by the information that has been the out-
come of an application analysis [41]. Based on the process decomposition and
the application analysis, the process has to be analysed to rate the potential
benefits of service enablement. Manual processes or processes that run stable
in isolation might not be the best candidates for service enablement [36]. The
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Fig. 2. Phases, activities and inputs/outputs for the derivation of software services
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outcome of the preparation phase is a set of business processes that is suitable
to be service-enabled and that is decomposed to the most granular process steps
with annotated roles and application systems.
The Identification Phase: The identification phase purely targets at the
derivation of software services. To this end, two main sources of information
are needed. On the one hand, entity models are needed to derive entity services
related to the core business objects of each business service. On the other hand,
detailed process models should be in place to be analysed for service enablement.
This phase comprises the following steps:
1. Identify corresponding entity: Taking the output of the previous phase as an
input for service identification, one should first identify entity services, since
they are very generic and reusable in nature. They are not tightly coupled to
processes, meaning that the provided interface of that service is not process
specific [6]. To define the boundary of an entity service, one has to analyse
the actual context of the service. This can be achieved by examining the
selected process models. Processes might be analysed to define the entities
that are processed and the operations that are used for processing the en-
tity. Furthermore, entity models [6], class-diagrams [30], or brainstorming
techniques [24] in combination with the analysis of the selected process can
point to preliminary entity services.
2. Analyse visibility and takeover of process steps: Having identified the main
entity of the process and the corresponding potential entity service, the “line
of interaction” and “line of visibility” of the process have to be analysed, tak-
ing into account the interaction model (cf. [18, 23]). The “line of interaction”
specifies the parts or functions of the process that may be taken over by the
service consumer. Especially with multiple channels facing the consumer,
one has to decide what process functions may reside in the sphere of control
of the service consumer. The “line of visibility” defines how much of the
process should be visible for the stakeholders. The stakeholders may com-
prise external business partners (e.g. customers, suppliers, etc.) as well as
internal partners (e.g. subsidiaries). By analysing process functions based on
their visibility and interaction potential with stakeholders, one can identify
potential groupings of functionality that must/should be explicitly exposed
to the organisation’s stakeholders by means of services [18].
3. Identify potential service operations: Once the process itself has been de-
composed into its most granular process steps, one has to identify potential
service operations. Each process step can be regarded as a potential ser-
vice operation [15]. However, all process steps that represent solely manual
tasks or process steps that are executed by a legacy system which cannot
be service-enabled have to be excluded from the potential logic that can be
encompassed by a service.
4. Extract process logic: This next step encompasses the abstraction of process
logic from the process itself. One may abstract business rules, conditional
logic, exceptional logic and sequence logic [6]. Some process logic may not
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actually be visualised by an individual action or process step, depending
on the modelling conventions (e.g. modelling language) an organisation has
used while deriving the process models.
5. Define logical context(s): The remaining process steps should be grouped
based on their logical context [6]. Thus, the identified context confines the
service boundary. Hereby, the principle of service cohesion plays the most im-
portant role as operations should be grouped together that are functionally
related [29]. Depending on the scope of the service identification, one may
address reusability and define service operations that have a high potential
to be consumed in different scenarios [7]. However, any added operations
should still relate to the logical boundary of the service. The design princi-
ple of coupling can be applied to identify sequential dependencies between
operations. Sequential operations, which are only dependent in one way, may
be combined inside a service. One may also identify process steps that are
recurring within that process, which can be grouped together into a single
service. New services may be created as well, depending on new logical con-
texts that may be identified. The visibility and takeover potential annotated
to the process steps may provide a guideline for the grouping of process steps
and consequently for the definition of task and entity services. [3] propose to
develop two different services if the service invokers are different, since the
services could be invoked at different times (similar to [18]). Furthermore,
one can identify services that are purely technology-related and business
logic-agnostic. Thus, these services can be classified as utility services. At
this stage we have identified task, entity and utility services.
6. Define compositions: In order to identify potential for composition and con-
solidation of services and to evaluate the appropriateness of service bound-
aries, usage scenarios for the service have to be developed [6]. Furthermore,
one can discover in which situation logic is missing and can shift the related
business rules to task services or process services. Consequently, new ser-
vices may be created. The main objective is to specify process services that
compose the task, entity and utility services related to the underlying pro-
cess. Based on the visibility and interaction analysis, one may create process
services that are exposed to a specific set of stakeholders [18].
The Detailing Phase: After the services have been identified, one has to
verify that already existing services do not overlap with the newly discovered
ones. If the service or service operation already exists, one has to decide if the
existing service can be extended or adapted. Services may already be in place if
processes have recurrent process steps. Thus, by analysing different processes in
terms of communalities, one can abstract from certain process steps and group
them together to form a service, which can be shared by these processes.
New services should be detailed further in order to identify additional over-
laps with already existing services and to make the services more reusable and
autonomous. Since a service can encompass one or more operations, one can
identify the input and output parameters in order to minimise the coupling be-
tween different operations and the underlying systems [18, 20]. [8] propose an
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approach for service interface design that builds on the principles of cohesive-
ness and coupling. This may lead to the identification of operations that overlap
within or between services, which leads to the specification of new services or
operations. Hence, the newly identified services have to be verified to ensure that
these services do not already exist.
The identified operations and services should be mapped to the existing appli-
cation layer in order to identify missing functionalities or the need for additional
services (gap analysis) [15]. For each operation candidate within the identified
software service, one has to analyse the underlying processing requirements and
the application logic that needs to be executed in order to make decisions about
the sourcing of the specific logic. One may also break down the application logic
requirements into smaller steps in order to identify new operation candidates
within a proposed service. However, it may be possible that all the operation
candidates identified in the previous phase are supported by the application
portfolio and do not need to be revised. Finally, one needs to analyse the orig-
inal service compositions and determine whether any changes need to be made
concerning the inclusion of new services or operations [6].
The last step of the service analysis phase includes the exposure of the service
candidates in a service repository that will be used for further analysis and
identification efforts to prevent a proliferation of identified services with the same
functionalities. For each service that has been identified and verified, service-
specific details have to be documented [20]. These details comprise the service
identifier (e.g. the name) including a service description, the service type, input
and output parameters and the service consumers [18].
5 Conclusion
In this paper, the results of a comprehensive analysis of 30 extant service identi-
fication and analysis approaches were used to propose a structured, consolidated
approach that combines their relative strengths and suggests enhancements and
extensions based on the identified shortcomings of the extant approaches. The
paper pointed out how software services can be used to support business ser-
vices to achieve a close business and IT alignment. Additionally, the presented
approach provides an organisation with a methodology to not only understand
and document its existing capabilities from a service perspective, but more im-
portantly, to identify potential new services that may be provided.
Although the consolidated approach combines methodologies that have suc-
cessfully been applied in practice, its applicability in different contexts of private
and public sector organisations needs to be validated. First results of a case study
at an Australian Statutory Authority seem promising and currently lead to re-
finements regarding the operationalisation of the consolidated approach. We are
also about to start another case study at an Australian government agency to
gain further valuable insights regarding the validity of the proposed approach,
particularly in the business service context.
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